Background: Ninety-three patients undergoing surgical or endovascular operation secondary to aneurysmal subarachnoid hemorrhage (SAH) were retrospectively analyzed to determine the influence of the different time points of C-reactive protein (CRP) measurement on the prediction of vasospasm and clinical outcome.
Background: Ninety-three patients undergoing surgical or endovascular operation secondary to aneurysmal subarachnoid hemorrhage (SAH) were retrospectively analyzed to determine the influence of the different time points of C-reactive protein (CRP) measurement on the prediction of vasospasm and clinical outcome.
Methods: Laboratory data such as the CRP level and the white blood cell count, preoperative demographic and clinical data, intraoperative and postoperative data, and complications such as intracerebral hemorrhage, hydrocephalus, vasospasm, and surgical decompression were collected at hospital discharge or symptomatic vasospasm and used as predictable factors for poor outcome (Modified Rankin Scale score 4 to 6).
Results: Twenty-three and 28 patients showed poor outcome and symptomatic vasospasm after SAH, respectively. Both preoperative and postoperative CRP levels were significantly higher in patients with a poor outcome compared with patients with a good outcome (P < 0.05). The area under the receiver operating characteristic curve of CRP measured on postoperative day 1 or 2 (CRP POD1-2) for predicting a poor clinical outcome was 0.870, and its cutoff point of 4 mg/dL had a sensitivity of 0.826 and a specificity of 0.843. A high CRP level after aneurysm treatment was associated with severe neurological deterioration on admission, cerebral infarction, intracerebral hemorrhage, and surgical decompression (P < 0.05). CRP POD1-2, and not the preoperative CRP, was an independent factor in predicting symptomatic vasospasm (P < 0.05). In patients with symptomatic vasospasm, an increase in the postoperative CRP was associated with the time profile of developing symptomatic vasospasm.
Conclusion: Postoperative CRP, especially CRP POD1-2, can be a useful prognostic factor for both poor outcome and symptomatic vasospasm in patients with aneurysmal SAH.
Key Words: cerebral aneurysm, C-reactive protein, poor outcome, subarachnoid hemorrhage, symptomatic vasospasm (J Neurosurg Anesthesiol 2012;24:317-324) T he rupture of an intracranial aneurysm carries a high risk of death or disability. A previous international study reported that of the patients who survive to be admitted to a hospital, 33% were rendered severely disabled, vegetative, or dead after subarachnoid hemorrhage (SAH). 1 Despite the recent advance in treatment modality such as an endovascular coil, the prognosis of patients with a ruptured aneurysm remains unchanged. 2 Multiple inflammatory processes are involved in the pathogenesis of several vascular diseases. The levels of C-reactive protein (CRP), a highly sensitive inflammatory marker, are associated with the severity and outcome of coronary artery disease, ischemic stroke, and atherosclerosis. [3] [4] [5] CRP has also been investigated in patients with aneurysmal SAH. Intracranial hypertension, a complication of aneurysmal SAH, is linked to high interleukin-6 and CRP levels in the brain and systemic circulation, suggesting an important role of the inflammatory processes in the pathogenesis of complications after aneurysmal SAH. 6 In addition, an increased CRP level on admission correlates well with poor neurological grades and the occurrence of delayed vasospasm in patients with aneurysmal SAH. 7 Few studies have reported a role of CRP in patients with aneurismal SAH. [6] [7] [8] [9] [10] [11] [12] Unfortunately, there is a conflicting result about the reliability of CRP as a predictor for poor outcome or vasospasm. Several reports showed that an elevated CRP level in the serum or the cerebrospinal fluid was associated with a poor outcome and/ or vasospasm after SAH due to a ruptured aneurysm. 7, [10] [11] [12] However, a recent study failed to verify that CRP was an independent prognostic marker for poor outcome and vasospasm in patients with aneurysmal SAH. 9 Moreover, the time point of CRP measurement in predicting vasospasm and clinical outcome is not well established. A previous study showed that CRP levels measured from the fifth day to the eighth after SAH were significantly higher in patients developing vasospasm than in the patients not developing vasospasm, and that CRP values from the third day to the eighth after SAH were higher in patients with a poor outcome than in those with a good outcome. 11 In contrast, another study found that patients showing vasospasm or poor outcome had higher CRP values from admission to the ninth postadmission day. 7 In this study, we tested whether CRP can be an independent predictor for poor outcome or vasospasm in patients with aneurysmal SAH. We also studied the influence of the different time points of CRP measurement on the prediction of vasospasm and clinical outcome.
METHODS
After approval by the human studies committee, we retrospectively analyzed the data collected from consecutive patients with SAH secondary to ruptured intracranial aneurysm, which was confirmed by 3-dimensional digital subtraction angiography, who were admitted to the surgical intensive care unit (ICU) through the emergency room between July 2007 and June 2010 and treated within 24 hours after admission by surgical clipping or endovascular coiling. Surgical clipping for a secure ruptured aneurysm was mainly indicated in patients who had broadneck aneurysms or vessels emitting from the aneurysm dome or mass effect associated with the aneurysm.
Patients with the treatment of surgical clipping or endovascular coiling in other hospitals or those manifesting overt or suspicious acute infection from the time of hospital admission until 7 days after surgery were excluded. Patients with a history of chronic inflammatory diseases, chronic neurological diseases, or surgical treatment of any kind of disease within the last 4 weeks before admission, were also excluded.
We analyzed the presence of vasospasm and recorded the timing of occurrence after the aneurysm treatment. All patients received postoperative computed tomography (CT) scans within 24 hours after surgery to rule out or confirm an ischemic lesion according to direct surgical manipulation. All patients underwent daily serial neurological evaluation for vasospasm detection. Symptomatic vasospasm was defined as a focal neurological deficit or deterioration in the level of consciousness, with either confirmation of vasospasm on the brain CT angiography or digital subtraction angiography. Patients showing symptomatic vasospasm were treated with intra-arterial nimopdipine injection in a neuroangiographic room, 3H therapy (hypertension, hypervolemia, hemodilution), and nimopdipine and magnesium continuous infusion intravenously. The clinical outcome was estimated at the time of hospital discharge according to the Modified Rankin Scale. Poor outcome was defined as a Modified Rankin Scale score of Z4. A medical chart of the patient was reviewed. Data on patients consisted of 5 parts: (1) preoperative factors including demographic data, coexisting disease, aneurysmal location, maximal diameter of the aneurysm, the Hunt and Hess grade, the Fisher grade, and the Glasgow Coma Scale score at admission; (2) intraoperative factors including the surgical time, the surgical technique (surgical clip vs. endovascular coil), and intraoperative transfusion; (3) postoperative factors including the Acute Physiology and Chronic Health Evaluation (APACHE) II score at admission to surgical intensive care unit and the presence of mechanical ventilation; (4) complications including symptomatic vasospasm, cerebral infarction (late fixed ischemic lesions on the brain CT), intracerebral hemorrhage (ICH) on initial brain CT (regardless of size), hydrocephalus, and surgical decompression; (5) hospital course data including hospital mortality, the length of stay in the ICU and the hospital, and the duration of mechanical ventilation.
The CRP level, the white blood cell (WBC) count, and the hemoglobin and platelet counts were measured in each patient before surgery, immediately after surgery (except the CRP level), and 3 or 4 times from 1 day after surgery to 7 days after surgery. The measurements were classified according to the time of measurement into 4 categories; (1) preoperative; (2) postoperative day 0 (POD0, immediately after surgery); (3) POD1-2 (defined as the value measured 1 or 2 days after surgery in CRP. Otherwise defined as the highest value measured during the period in WBC count, but the lowest value during the period in platelet count); (4) POD3-7 (defined as the highest value measured from the third to the seventh day after surgery in cases of CRP and WBC count, whereas the lowest value during the period in cases of platelet count).
Data Analysis
To identify CRP POD1-2 as one of predictable factors for symptomatic vasospasm occurring 3 or more days postoperatively, 2 patients with the onset of symptomatic vasospasm within 2 days after surgery were excluded from the data analysis because their data can be a confounding variable.
For continuous variables, values were compared using the Student t test for independent samples. Differences in proportions were compared using the w 2 or the Fisher exact test where the cell size was small. To find out the influence of the different time points of CRP measurement on the prediction of symptomatic vasospasm and clinical outcome, repeated-measures analysis of variance was used. To determine the independent risk factors for clinical outcome or vasospasm, binary logistic regression with the forward stepwise conditional method was used. Calibration of the prediction model was assessed using the Hosmer and Lemeshow goodness of fit test. The Nagelkerke R 2 value was also calculated. To find out the influence of 3 different timings of CRP measurement on the prediction of a better outcome or symptomatic vasospasm after aneurysm treatment in patients with ruptured cerebral aneurysm, the receiver operating characteristic (ROC) curve was used. All tests were 2-tailed, and a P value <0.05 was considered significant.
RESULTS
A total of 116 patients were recruited in the study, but 23 patients (6 patients: missing data; 1: treatment in another hospital; 15: overt or suspicious acute infection from the time of hospital admission until 7 days after surgery; 1: failed to survive until POD7) were excluded. A total of 93 patients were enrolled in the data analysis.
Twenty-three (25%) patients showed poor outcome at hospital discharge. The Hunt and Hess grade, the World Federation of Neurosurgical Societies grade on admission, the preoperative CRP level, the preoperative WBC count, mechanical ventilation, the APACHE II score, CRP POD1-2, CRP POD3-7, cerebral infarction, hydrocephalus, ICH, and surgical decompression were associated with a poor outcome in patients with ruptured aneurysm (P < 0.05, Table 1 ). On binary logistic regression, the Hunt and Hess grade, the APACHE II score, ICH, and CRP POD1-2 were significantly independent factors in predicting a poor outcome (P < 0.05, Table 2 ).
Patients with a poor outcome had longer ICU and hospital stays and a prolonged mechanical ventilation compared with those with a good outcome (P < 0.01, Table 3 ).
Twenty-eight (30%) patients showed postoperative symptomatic vasospasm during the hospital course. The mean onset day of symptomatic vasospasm was about 6 days after surgery (range, 0 to 16). However, 2 of 28 patients were excluded from the data analysis to identify whether CRP POD1-2 is one of the predictable factors for symptomatic vasospasm occurring 3 or more days postoperatively because they showed it within 2 days after surgery. The preoperative WBC count, the surgical technique, intraoperative transfusion, the APACHE II score, CRP POD1-2, the WBC count at POD1-2, cerebral infarction, ICH, and surgical decompression were associated with cerebral symptomatic vasospasm in patients with ruptured aneurysm (P < 0.05, Table 1 ). Especially, cerebral infarction developed exclusively in patients with cerebral symptomatic vasospasm. On binary logistic regression, CRP POD1-2 and the Fisher grade were independent factors in predicting symptomatic vasospasm (P < 0.05, Table 2 ). There was no significant difference in the hospital mortality, the functional outcome, and the duration of hospital stay and mechanical ventilation between the 2 groups. However, patients with symptomatic vasospasm had longer ICU stays than those without (P < 0.05, Table 3 ). The levels of CRP POD1-2 and CRP POD3-7 were higher than the level of preoperative CRP in all patients (P < 0.01, Table 4 ). High CRP values after aneurysm treatment were associated with severe neurological deterioration on admission, a long surgical time, the use of a surgical clip as aneurysm treatment, intraoperative transfusion, postoperative mechanical ventilation, a high APACHE II score, cerebral infarction, ICH, and surgical decompression (P < 0.05). With respect to the association of the CRP level with symptomatic vasospasm in patients with SAH, the preoperative CRP level did not show any difference between groups, whereas CRP values on POD1-2 and POD3-7 were significantly higher in patients with symptomatic vasospasm (P < 0.05, Fig. 1 ). Of 28 patients with vasospasm, 17 (61%) had onset of symptomatic vasospasm on POD3-7. Their CRP value increased continuously and peaked on POD3-7 in this study. The levels of CRP POD1-2 and CRP POD3-7 were significantly higher in their population than in patients showing no symptomatic vasospasm (P < 0.05, Table 4 ). Both preoperative and postoperative CRP levels were significantly higher in patients with a poor outcome compared with patients with a good outcome (P < 0.05, Fig. 1 ).
The areas under the ROC curve of preoperative CRP, CRP POD1-2, and CRP POD3-7 for predicting poor clinical outcome were 0.679 [95% confidence interval (CI), 0.531-0.827; P = 0.010], 0.870 (95% CI, 0.785-0.954; P = 0.000), and 0.806 (95% CI, 0.704-0.909; P = 0.000), respectively (Fig. 2) . A CRP POD1-2 cutoff point of 4 mg/dL was determined to have a sensitivity of 0.826 and a specificity of 0.843.
The areas under the ROC curve of preoperative CRP and CRP POD1-2 for predicting symptomatic vasospasm were 0.529 (95% CI, 0.396-0.662; P = 0.689) and 0.700 (95% CI, 0.578-0.821; P = 0.005), respectively. A CRP POD1-2 cutoff point of 2.5 mg/dL was determined to have a sensitivity of 0.773 and a specificity of 0.662.
DISCUSSION
The main findings of this study were as follows: (1) the postoperative CRP rather than the preoperative CRP was a useful prognostic factor for poor outcome in patients with aneurysmal SAH; (2) CRP POD1-2 was an independent factor in predicting vasospasm; (3) in patients with symptomatic vasospasm, an increase in the 1, 2, 3, 4, respectively) .
The Nagelkerke R 2 statistics were 0.105 and 0.175 in steps 1 and 2, respectively. The Hosmer and Lemeshow goodness of fit test was not significant at 5% (P = 0.228 and 0.802 in steps 1 and 2, respectively).
*Adjusted for age, the WFNS grade on admission, the preoperative WBC count, mechanical ventilation, infarction, hydrocephalus, and surgical decompression. wAdjusted for the Hunt and Hess grade, the WFNS grade on admission, the preoperative WBC count, the Acute Physiology and Chronic Health Evaluation II score, and the POD1-2 WBC count.
CI indicates confidence interval; CRP POD1-2, C-reactive protein level measured on the first or second day after surgery; HH, Hunt and Hess; APACHE, Acute Physiology and Chronic Health Evaluation; ICH, intracerebral hemorrhage; RR, risk ratio. CRP level after aneurysm treatment was associated with the time profile of developing symptomatic vasospasm; (4) besides CRP, the Hunt and Hess grade, the APACHE II score, and ICH were other independent factors in predicting a poor outcome. In this study, both preoperative and postoperative CRP levels were significantly higher in patients with an unfavorable outcome than in patients with a favorable outcome. This finding is in agreement with the result shown in 2 previous reports in which patients with higher CRP levels during the entire postictal period had a more unfavorable outcome compared with those with a lower serum CRP level. 7, 10 Interestingly, the present study showed that when the area under the ROC curve was considered, serum CRP values measured on POD1-2 and POD3-7 had a better discrimination power than the preoperative CRP value in predicting a poor outcome in patients with aneurysmal rupture. Especially a CRP POD1-2 cutoff point of 4 mg/dL was likely to show a good sensitivity and specificity (sensitivity: 0.826, specificity: 0.843).
In this study, high CRP values after aneurysm treatment were associated with severe neurological deterioration on admission, a long surgical time, the use of a surgical clip as aneurysm treatment, intraoperative transfusion, postoperative mechanical ventilation, a high APACHE II score, cerebral infarction, ICH, and surgical decompression. This finding was comparable to the results from previous studies, in which it was demonstrated that the higher the CRP, the lower the clinical grade on admission and the poorer the neurological outcome. 7, 11 This study found out that only CRP, and neither the WBC count nor the platelet count, as a laboratory variable was a relevant factor associated with poor outcome in the binary logistic regression model even after adjusting the admission clinical grade and complications such as cerebral infarction, hydrocephalus, and surgical decompression. A recent study demonstrated that a higher increase in the postoperative CRP level compared with the preoperative CRP level independently predicted a poor outcome in patients with aneurismal rupture. 8 Kasius et al 9 reported that WBC counts increased significantly in patients with a poor outcome, but the factor was not significant in predicting a poor outcome after adjustment for clinical variables. A similar result was observed in this study. They also described that the CRP level in the serum was not an independent factor for a poor outcome even in univariate analyses. However, a surgical factor was not controlled in their study. All patients included in this study received the aneurysm treatment within 24 hours after admission, whereas in their study, 16% of the study population did not undergo any treatment for the aneurysm and the time elapsed to secure the aneurysm was variable, with a wide range (0 to 65 d after SAH) in the resting population. Subsequently, the chance of rebleeding resulting in a poor outcome was higher in their study. Also, the proportion of surgical clipping as a treatment of cerebral aneurysm was significantly higher in their study than in our study. A previous study showed 16 0.9 ± 1.2 6.3 ± 3.6*w8# 8.1 ± 6.5*** 5-6 7 2.4 ± 2.3 8.1 ± 3.2*zz** 11.0 ± 5.1*z** that surgical clipping had an advantage over coiling in reducing the risk of in-hospital mortality and poor outcome in selected patients with Hunt and Hess grades I to III. 13 With regard to predictors of cerebral vasospasm after SAH, it is well known that there were numerous independent predictors such as age, a high Fisher grade, the peak serum leukocyte count, and a Hunt and Hess grade IV or V. [13] [14] [15] [16] [17] In this study, CRP POD1-2 and a Fisher grade 3 were independent factors for cerebral vasospasm. In particular, the serum CRP level measured on day 1 or 2 postoperatively was associated with cerebral symptomatic vasospasm after adjusting for admission clinical grades and the severity of disease in the logistic regression model (Table 2) . However, some caution is necessary in interpreting the predictors of cerebral symptomatic vasospasm because the Nagelkerke R 2 statistic in our prediction model was low, although it was not statistically significant. Literature reviews showed that the role of a high CRP level as one of the risk factors for delayed ischemia has remained debatable. In accordance with our result, 2 studies showed that an increased CRP level after SAH was capable of predicting delayed cerebral ischemia or angiographic vasospasm. 7, 10 Conversely, other studies showed a negative result. 8, 9, 16 With respect to the influence of the different time points of CRP measurement on the prediction of vasospasm, this study showed that the CRP level after aneurysm treatment was associated with the time profile of developing symptomatic vasospasm. In other words, in 17 patients with onset of symptomatic vasospasm on POD3-7, the postoperative CRP value increased continuously and peaked on POD3-7. In the case of 9 patients with more delayed onset (> POD7) of vasospasm, their CRP value also increased gradually during the postoperative period, but the CRP value on POD3-7 did not increase as much as the CRP value shown in patients with developing symptomatic vasospasm at that time. The CRP value on POD3-7 was similar to the CRP value on POD1-2 in patients with onset of symptomatic vasospasm on POD3-7 (Table 4) . Although this study did not show the further time course of CRP in them, such findings suggest that the postoperative CRP level may increase slowly and steadily before the onset of symptomatic vasospasm, and may peak at the time of developing symptomatic vasospasm. A previous study showed that CRP levels measured from the fifth day to the eighth after SAH were significantly higher in patients with vasospasm than in those without vasospasm. 11 Two other studies showed higher preoperative and postoperative CRP values in patients with vasospasm compared with those without vasospasm. 7,10 However, they neither described the onset of vasospasm nor classified the postoperative CRP level on the basis of the timing of occurrence of vasospasm. Because vasospasm commonly occurs from POD2 to POD14, and the CRP level during the postoperative period may be linked to the onset time of developing symptomatic vasospasm, we think that the postoperative CRP is a better predictor of symptomatic vasospasm than the preoperative CRP.
Surgical stress can also affect serum CRP levels. In this study, postoperative CRP levels increased more significantly in patients who underwent surgical clipping than in those with endovascular coiling. The possible explanation for the difference in CRP levels between the 2 treatment modalities was that patients who underwent surgical clipping had a more complicated procedure and greater severity of SAH because surgical clipping was mainly applied to patients with vessels emitting from the aneurysm dome or mass effect associated with the aneurysm. This study showed that symptomatic vasospasm developed more frequently in patients who underwent surgical clipping. However, the surgical technique was not predictive of symptomatic vasospasm on binary logistic regression.
In this study, an increase in the postoperative CRP was associated with the time profile of the development of symptomatic vasospasm, and a CRP POD1-2 cutoff point of 2.5 mg/dL seemed to have a moderate sensitivity and specificity in predicting symptomatic vasospasm. A previous study demonstrated that high serum levels of CRP and inflammatory adhesion molecules such as intercellular adhesion molecule-1 and vascular cell adhesion molecule-1, which were measured on the day of SAH onset and 7 days after SAH onset, correlated with the development of vasospasm after SAH. 10 Several experimental animal studies also revealed that an elevation of inflammatory adhesion molecules was detected in cerebral vessels after SAH. 18, 19 Interleukin-1 and interleukin-6, strong stimulators of CRP synthesis, are involved in the pathogenesis of cerebral vasospasm. 6, 20 Taken together, such findings suggest that inflammation can play a role in the pathogenesis of cerebral vasospasm. Therefore, it seems to be reasonable that elevated postoperative CRP levels may be associated with an increased possibility of developing cerebral vasospasm.
Besides CRP, this study also demonstrated that the Hunt and Hess grade, the APACHE II score, and ICH were independent predictors of a poor outcome after SAH. The fact that a high APACHE II score is associated with a poor outcome is not surprising. A previous largescaled study by Rosengart et al 21 identified a variety of predictable factors for an unfavorable outcome after surgical treatment of aneurysmal SAH, and demonstrated that the most important factors were cerebral infarction, the admission neurological grade, age, fever on the eighth day after SAH, and symptomatic vasospasm. It is of interest that symptomatic vasospasm was not associated with a poor outcome in this study. The possible explanation for such a finding is that early detection of symptomatic vasospasm and aggressive management including intra-arterial nimodipine injection, 3H therapy, and intravenous continuous infusion of nimopdipine and magnesium contribute to decreasing the incidence of poor outcome due to symptomatic vasospasm. Instead of vasospasm, the combination of intracerebral hematoma and SAH was predictive of a poor outcome after aneurysmal SAH. Guresir et al 22 reported that the incidence of intracerebral hematoma that occurred simultaneously in patients with aneurismal SAH was about 22%, and that the presence of an ICH was a predictor of unfavorable outcome. Two other studies reported a similar result. 21, 23 A recent study revealed that a high level of CRP was associated with increased mortality in patients with ICH. 24 This study had some limitations. This study was retrospectively conducted in a single center. In addition, the small number of patients with a poor outcome or symptomatic vasospasm may have affected the ability to detect significant findings in some instances. Predictable factors for vasospasm shown in this study are limited to symptomatic vasospasm occurring 3 or more days after endovascular coiling or surgical clipping for ruptured aneurysm treatment. It is not easy to discriminate whether an increase in CRP is caused by infection or inflammation without infection in patients with aneurysmal rupture. In this study, patients with overt or suspected bacterial infections within at least 7 days after surgery were excluded to rule out the influence of infection on the CRP level. Some caution is necessary in interpreting a poor outcome because concurrent severe infection with SAH can increase hospital mortality. Indeed, a previous report demonstrated that sepsis was a predictor of poor outcome in patients with ruptured aneurysm. 25 Finally, patients with just symptomatic vasospasm, and not angiographic vasospasm, were investigated in this study. If a patient has angiographic vasospasm without a neurological symptom, his/her CRP level may affect the interpretation of our results.
In conclusion, an increased serum CRP level measured on day 1 or 2 postoperatively was associated with a poor outcome and development of cerebral symptomatic vasospasm in patients with aneurysmal SAH.
